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expression  to  a  smaller  one  that  requires  fewer  arithmetic  SYMA.  For  further  information  on  MACSYMA  facilities,  the 

operations  to  evaluate.  Work  of  this  type  customarily  precedes  user  should  consult  the  MACSYMA  Reference  Manual  [1] 

available  from  the  NUSC  Technical  Library  or  the  authors. 


1.  MACSYMA  Syntax  of  mathematical  operators  in  expressions  entered  by  the  user. 

Parentheses  may  be  used  to  change  the  normal  order  of  ap- 
All  symbolic  expressions  are  entered  via  terminal  (TTY)  as  plication  of  operators, 

input  to  MACSYMA  much  as  they  would  be  expressed  in 

FORTRAN,  PL/1,  ALGOL,  or  PASCAL,  using  particular  MACSYMA  expressions  consist  of  variables,  constants,  and 
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for  subtraction.  teractively  with  MACSYMA  and  independently  to  create  and  edit 

batch  files.  All  the  demonstration  files  contained  in  this  document 
As  in  FORTRAN,  PL/1,  ALGOL,  and  PASCAL,  MAC-  were  created  using  TECO.  The  manner  in  which  these  files  are 

SYMA  uses  an  operator  precedence  scheme  similar  to  that  of  the  entered  into  MACSYMA  is  described  in  the  introductory 

languages  mentioned  to  determine  the  correct  order  of  application  demonstration. 


Firstt  we'll  type  in  some  expressions  in  FORTRAN-1 ike  syntax*  MACSYMA  will  reformat  the  expression  and  display  it  in  two- 
dimensional  notation  similar  to  that  found  in  a  textbook*  It  also  assigns  the  expression  a  label  which  may  be  used  in  subsequent 
commands*  Commands  to  HACSYHA  are  written  in  functional  notation* 
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2.  Manipulating  Algebraic  Expressions  A  very  common  complaint  of  new  users  of  MACSYMA  (and 

other  algebraic  manipulation  systems)  is  that  often  the  expressions 
Instructions  for  manipulating  algebraic  expressions  are  obtained  as  the  result  of  a  computation  are  large  and  unwieldy  to 
embedded  in  the  demonstration  examples.  Note  that  in  the  the  point  of  being  essentially  useless.  This  becomes  less  of  a 

demonstration  examples,  some  of  the  computed  expressions  problem  as  the  user  gains  proficiency  through  experience  in  using 
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Another  problem  that  may  occur  in  the  use  of  MACSYMA  is 
often  referred  to  as  “intermediate  expression  swell.”  This  means 
that  expressions  in  the  middle  of  a  calculation  become  quite  large 
even  though  the  final  result  may  be  relatively  small. 
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(C2)  /»  DEMONSTRATION  2.1  -  SIMPLIFICATION  OF  ALGEBRAIC  EXPRESSIONS 


<C8)  /*  Thus  w a  that  RATSIMP  rationally  'titrlifiti'  an  axara**lon  and  all  of  It*  «ubax*ra»*ion*  and  raturn*  a  ouotiant  of 

two  polxnoaials . 


MACSYMA  also  has  a  sisrlifier  for  hardlin*  expressions  involvins  loss*  exponential s t  and  radicals^  This  simplifwina 
function  is  called  RADCANfEXRR)  which  is  an  abbreviation  for  RADical  CANonical.  Its  onlw  saJor  limitation  is  that  it  is 
senerallw  sore  ties  consusins  with  soae  expressions  bw  cosparison  with  RATSINP. 


(C16)  L0G<X"2+6*Xt?)/L0G<X+3>« 


Tht  EXPAND(EXPR)  coiiand  carries  out  distribution  of  operators  such  as  multiplication  with  respect  to  addition 
Many  options  are  available  to  control  the  extent  of  expansion* 


The  command  MULTTHRU(EXPR)  is  used  to  multiply  each  summand  of  a  factor  of  an  expression  by  the  other  factors  of  the 
expression*  That  is*  the  expression  consists  of  fl*f2#..«*fn  where  at  least  one  factori  say  fl?  is  a  sum  of  terms*  tael 
term  in  that  sum  is  multiplied  by  the  other  factors  in  the  product.  MULrTHRU  does  not  expand  exponent lated  sums.  This 
function  is  the  fastest  way  to  distribute  products (commutative  or  noncommutat 1 ve )  over  sums* 


The  MACSYMA  conand  COHBINE(EXPR)  simplifies  the  sum  represented  in  the  expression  by  combining  terms  with  the  same  denominator 

into  a  single  term* 
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Much  of  trisonomatric  simplification  in  MACSYMA  assuaas  that  the  user  has  a  reasonable  knowledse  of  the  basic  trisonometric 
idtntiiits  and  fonulai  so  that  appropriate  substitutions  can  be  made  in  the  expressions  using  the  MACSYHA  commands  SUBST 
and  RATSUBST.  However*  there  are  soae  coeeands  in  MACSYMA  which  will  greatly  aid  the  user  in  siaplifying  trisonoaetric 
expressions*  The  function  coaaand  TRIGEXPAND  expands  t rigonoaet ric  and  hwperbolic  functions  of  sues  of  angles  and  of  aultiples 
of  angles  occurring  in  an  expression*  To  enhance  user  control  of  siapl if ication*  this  function  expands  only  one  level  at  a  tiae* 
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ICB9)  TRIGEXPANDSFALSEJ 

<D8?>  FALSE 


<C98>  DECLARE < Nr ODD) I 


SXN<X)"4+(SIN(X)-2+C0S<X)“2)/C0S(X)~2» 


For  the  reader  who  is  interested  in  symbolic  calculus 
operations,  the  basic  sections  to  read  are  DERIVATIVE 
EXAMPLES,  INDEFINITE  INTEGRAL  EXAMPLES,  and 


25/26 
Reverse  Blank 


DEMONSTRATION  2.2  -  CALCULUS  OPERATIONS 


DIFF(SIN(X>+X-3+2*X-2»X) 
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Loading  done 
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The  matrix  manipulation  functions  in  MACSYMA  are  ex¬ 
cellent  in  the  sense  that  they  are  easy  to  use  and  relatively  fast.  Not 
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Vandermonde  matrices  of  size  larger  than  5.  On  the  other  hand, 
matrices  containing  up  to  20x20  numerical  elements  have  been 
successfully  inverted  symbolically  using  MACSYMA. 
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Thi*  final  exeaple  deMonstrates  tha  Manipulation  of  a  Matrix  whose  elements  are  complex  and  the  use  of  an  interactive 
method  of  enterina  a  Matrix  in  MACSYMA.  This  means  that  althouah  the  current  demonstration  file  is  beir.a  BATCHed- in  the 
svstea  will  pause  until  each  eleaent  has  been  entered  before  continuina  with  the  batch  process.  */ 
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<C24>  /•  There  ere  several  wavs  of  obtaininS  Taylor  series  expansions  for  multivariate  functions.  Here  we  demonstrate  one  such 
method  in  which  we  expand  the  X  teres  about  the  point  ZPI/2  and  the  T  terms  about  the  point  0:  */ 
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Re-solve  bw  the  Newton-Rarhson  aethod  entering  as  a  new  root  estiaate  on a  based  on  the  previous  calculation  and  this 
tiaa  we  obtain  the  ex. ~ t  solution  nuaericallw.  */ 


<C16>  NEWTON < EON. R.RO. EPS >» 

<D14>  1.4973004 


HACSYIM  has  a  feature  which  allows  for  virtually  unliaited  (up  to  one's  list  srict  cspsc itw)  floatins  point  precision.  BFLOAT ( X ) 
converts  all  nuabers  and  functions  of  nuabers  to  bisf loat  nuabers .  Settins  FPPRE CC163  to  N  ovaridas  tha  default  bisfloat 
precision  re-settin*  it  to  N  diaits. 
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Even  though  MACSYMA  can  handle  many  problems  and  is  1.  MACSYMA  Reference  Manual,  The  Mathlab  Group, 

generally  enjoyable  to  use,  it  is  not  a  cure-all.  For  example,  it  Laboratory  for  Computer  Science,  Massachusetts  Institute  of 

cannot  solve  all  equations  symbolically;  some  are  simply  too  Technology,  Version  Nine,  Second  Printing,  December  1977. 
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Scheid,  Francis,  Numerical  Analysis,  Schaum’s  Outline  Series, 
McGraw-Hill,  1968. 
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